Correlation analyses on binding affinity of sialic acid analogues with influenza virus neuraminidase-1 using ab initio MO calculations on their complex structures.
We carried out full ab initio molecular orbital calculations on complexes between neuraminidase-1 (N1-NA) in the influenza A virus and a series of eight sialic acid analogues including oseltamivir (Tamiflu) in order to quantitatively examine the binding mechanism and variation in the inhibitory potency at the atomic and electronic levels. FMO-MP2-IFIE (interfragment interaction energy at the MP2 level of ab initio fragment molecular orbital calculations) analyses quantitatively revealed (1) that the complex formation is driven by strong electrostatic interactions of charged functional groups in the analogues with ionized amino acid residues and water molecules in the active site of N1-NA, and (2) that the variation in the inhibitory potency among the eight analogues is determined by the dispersion and/or hydrophobic interaction energies of the 3-pentyl ether and charged amino moieties in oseltamivir with certain residues and water molecules in the active site of N1-NA. The current results will be useful for the development of new antiinfluenza drugs with high potency against various subtypes of wild-type and drug-resistant NAs.